We provide a review of predictions for sin 2β eff in b → s penguin dominated modes based on 1/m b expansion and/or SU(3) flavor symmetry. The experimental results are consistently lower than the theoretical predictions. In order to interpret whether this effect is a sign of new physics contributions or can be explained away within the Standard Model a theoretical input cannot be avoided. The effect survives at a level larger than 2.1σ in a conservative average over different modes that includes theoretical predictions.
Introduction
A nontrivial test of the Standard Model (SM) are the two ways of measuring sin 2β from time dependent ∆S = 1 B decays [with β = arg(−V cd V * cb /V td V * tb )]: (i) from tree dominated, e.g. B → J/ΨK S [1] , and (ii) from penguin dominated, e.g. B → φK S , decay modes [2, 3] . The two determinations should be the same in the SM, but would differ, if new physics contributions modify the penguin dominated decay amplitudes. For several years now there is some disagreement between the two determinations, if the CKM suppressed terms are neglected in the interpretation of the experimental results. However, with the decreased experimental errors this approximation is no more adequate. As I will argue in this write-up theoretical input is needed for the correct interpretation of experimental results.
The two observables measured in time dependent B(t) → f decays into a CP eigenstate f are the indirect CP asymmetry
Im e −i2βĀ
and the direct CP asymmetry
Above we have used the notation for the decay amplitudes A(B 0 → f ) =Ā f and A(B 0 → f ) = A f . The choice of ∆S = 1 B 0 decays makes the determination of sin 2β from S f theoretically very clean since it exploits the CKM hierarchy λ u = V ub V * us ∼ λ Peng eff for ∆S = 1 penguin dominated decays [4] . The two vertical yellow lines give the sin 2β and sin 2β which we will investigate below.
The expected difference ∆S f for penguin dominated modes is channel dependent. Curiously enough, the experimental values are all negative, ∆S f < 0, see • what are the errors on the theory predictions?
• what theoretical errors to expect in the future/can we improve them?
The last question is especially interesting for future prospects, where with 50 ab −1 of data S φKS and S η ′ KS are expected to be measured to a precision of a few percent.
An important thing to note is that we have 2 observables, S f and C f , but also 2 unknowns: sin γ r f [4] . The vertical blue band shows experimental errors on sin 2β
Tree eff from b → ccs modes. The two blue circles represent ∆S f for r f = 0.1, 0.25 with δ f varied (with γ = 60
• ).
To predict ∆S f one therefore necessarily needs theory input at least on r f , while δ f could in principle be fixed from a measurement of C f (or vice versa). An example of this is shown in Fig. 2 Both ∆S f and C f have been estimated in several theoretical frameworks using SU(3) flavor symmetry and using 1/m b expansion: QCDF, SCET, pQCD. We discuss these two approaches next.
Using flavor SU(3)
As pointed out in [9] and discussed later also in [10, 11, 12, 13, 14, 15, 16] one can use ∆S = 0 modes related by SU (3) F (represented by s → d exchange on Fig. 3 ) to constrain ∆S f in penguin dominated ∆S = 1 decays. This corresponds to a replacement
, where the primes remind us of the fact that one needs to take into account SU(3) breaking as well as of the fact that f may transform into a sum of mass eigenstates (for instance U-spin transforms
which is a sum of η and η ′ ). In the SU(3) related amplitudes the hierarchy of tree and penguin contributions is changed because the CKM factors in front of the matrix elements A
For instance, the B → πK amplitudes are penguin dominated, while in SU(3) related B → ππ decays the tree contributions are larger than the penguins. Because of this, one can bound "tree pollution" r f in ∆S = 1 decays from the related ∆S = 0 modes. A bound on r f consists of a sum over modes
where a f ′ are numerical coefficients. From the above equation we immediately see that the bound can never be better than r f <λ 2 ∼ 0.05, even if R is set to zero. The upper bound on R in Eq. (11) was obtained by bounding a sum over amplitudes, where there would be in general cancellations between different terms, with a sum over absolute values of amplitudes, where of course no such cancellations occur. The bound on R is thus in general better, if the sum is over a smaller set of modes f ′ . Furthermore, all the branching ratios f ′ in the bound need to be measured to have the best bound. At present for some ∆S = 0 modes only upper bounds are known. For instance in the bound on r η ′ KS the branching ratios for
decays enter. For these only experimental upper bounds exist, giving at present R η ′ KS < 0.116, while one arrives at R < 0.045, if the predicted branching ratio in QCDF, Scenario 4, are used (or R < 0.088 if SCET, Sol. I., predictions are used). Clearly, there is still room for improvement using this approach. But in general, assuming only SU(3) without any dynamical assumptions, gives too conservative bounds. The reason is that in this way one does not use any information about the relative phases between the terms (3) bounds (region enclosed by the solid curve), and with further dynamical assumptions (region enclosed by the dashed curve) [12] . Bottom: (S π 0 K S , C π 0 K S ) values allowed by SU(3) bounds [12] . The small points are (S f , C f ) = (sin 2β, 0). Experimental values are from BaBar (dot) [21, 22] and from Belle (square) [23, 24] .
in the sum in Eq. (11) . The results of a 2006 numerical update [12] , where correlations between S f and C f were used, are shown on Fig. 4 . Bounds on ∆S φKS are much worse [9] . It is also possible to treat S KKK in this framework, however, the bounds are again not very informative [15, 16] . Assuming small annihilation one has r K + K − K 0 < 1.02, and r KS KS KS < 0.31 [15, 16] .
Another use of SU (3) is to perform global fits to the data [17, 18, 19, 20] . In this case ∆S f can be predicted and not just bounded as above. A recent analysis in [20] shows a discrepancy between experimental data and the SU(3) fit predictions in the (S π 0 KS , C π 0 KS ) plane. The fit predicts S π 0 KS = −0.81 ± 0.03 in the Standard Model, which is to be compared with the measured value of S π 0 KS = −0.33 ± 0.21. Note that the error on the prediction already includes the variation due to the SU(3) breaking.
Using 1/m b expansion
The 1/m b expansion has more predictive power. I would like to stress that 1/m b expansion is a consistent framework, based on Soft Collinear Effective Theory [25] . Like the SU(3) approach it is in principle "model independent" in the sense that it uses only symmetries of QCD. While the SU(3) approach uses a symmetry that arises in the m s → 0 limit, SCET based approaches use the symmetry that arise in the m b → ∞ limit. The framework offers consistency checks both within two-body B decays as well as in B → Dπ [26] and semiinclusive hadronic decays [27, 28] . Note that both QCD Factorization (QCDF) [29, 30, 31] and the so-called SCET calculations [32, 33, 34] use Soft Collinear Effective Theory, but they differ in the treatment of subleading effects and charming penguin contributions [35, 36] .
We first review state of the art in these calculations and then move on to the predictions in specific decay modes. Both in QCDF and SCET the hard kernels are known to NLO in α S (m b ) [29, 33, 37, 38] , with partial results already known at NNLO [39] . The jet functions are known to NLO in α S ( √ Λm b ) [40, 41, 42] . At present the limit on accuracy is the inclusion of 1/m b corrections. While some of them, for instance the chirally enhanced terms, have already been included [29, 33] , more work is needed to complete the calculations to 1/m b order.
Not all of this information was used in ∆S f calculations, however. In most recent QCDF calculation of Ref. [43] hard scattering was treated at LO in α S (m b ), α S ( √ Λm b ), soft overlap at NLO in α S (m b ) and some 1/m b corrections were included (modeled). In SCET calculation [34] all hard kernels were taken at LO in α S (m b ), jet functions were not expanded in α S ( √ Λm b ), 1/m b corrections were not included, while nonperturbative parameters (also the charming penguin one, P charm ) were fit from data. In pQCD calculations [44, 45] the soft overlap contribution is factorized and some NLO corrections are included.
An interesting way of using the 1/m b expansion results was proposed by M. Ciuchini et al. [46, 47] . Here the renormalization group invariant parametrization of the decay amplitudes [48] is used to fit from data the 1/m b corrections to the QCDF predictions. In this way a better desription of branching ratios and CP asymmetries is obtained. The predictions on ∆S f are compatible with the original QCDF predictions, albeit with larger errors [47] . The errors will shrink once more data on relevant branching ratios and direct CP asymmetries become available.
∆S for φK S
This is the cleanest mode, with the least ambiguity on ∆S f , since there is no b → uūs tree contribution. [31] , pQCD(red) [8] , and SCET (magenta) [34] predictions for ∆S f , C f , with f = φKS, η ′ KS. Ellipses are experimental 1σ allowed regions, blue band is experimental error on sin 2β from b → ccs.
One thus has
where a , cannot be enhanced, since there is no tree contribution to A u f . In accordance with this expectation both calculations in QCDF [42] and pQCD [45] obtain ∆S φKS = 0.02 ± 0.01,
while there is no prediction in SCET yet. An analysis in [49] suggest that final state interactions do not change the above result.
∆S for η ′ K S
Because η ′ contains a uū component there is a b → uūs tree level contribution to the B → ηK S decay amplitude. However, r f is still small, since A c f is also enhanced. This enhanced A c f explains the large Br(B → η ′ K S ) observed experimentally. The enhancement itself can be understood through constructive interference between A(B → η q K S ) and A(B → η s K S ), a mechanism that also explains small Br(B → ηK S ), where the interference is destructive [50, 51] . Besides the interference pattern gluonic Figure 6 : Crosses: QCDF (black) [31] , pQCD(red) [8, 44] , and SCET (magenta) [34] predictions for ∆S f , C f . Ellipses are experimental 1σ allowed regions, blue band is experimental error on sin 2β from b → ccs.
contributions and/or SU(3) breaking are needed to obtain the experimentally observed branching ratios [30, 31, 34, 52] . The nonperturbative parameters including gluonic charming penguins were fit from experimental data in SCET [34] (but not from ∆S η ′ KS , which is a pure prediction), while in QCDF calculation of [31] a reasonable estimate for these unknown terms was used. 
do not coincide, but both of them do consistently give small deviations. This would be true also if, for some reason, the strong phases between A c and A u were completely missed in the calculation, since (12), and is not enhanced despite the presence of a tree contribution. The situation is reversed in B → ηK S , where the destructive interference between A(B → η q K S ) and A(B → η s K S ) suppresses A c f and makes the tree contribution relatively larger. Then ∆S ηKS can be large, even O(1).
Other 2-body modes
The other 2-body modes for which there exist predictions on ∆S f are π 0 K S , ρ 0 K S and ωK S . All of these receive b → uūs tree contributions, so that A 
−
It is interesting to note that ∆S ρKS is the only one that is predicted to be negative, while all experimental central values are negative (see Fig. 6 ). According to the analysis [49] final state interactions could change appreciably S ωKS , S ρKS , but even then one still has ∆S f ∼ O(0.1).
Three-body modes
In [53] it was noted that B → π 0 π 0 K S and B → K S K S K S are CP-even over the entire phase space so that no dilution of S f occurs in the integration over the phase space. This nice property does not hold for B → K + K − K S where both CP-even and CPodd components are present. Nevertheless, an analysis based on isospin shows that B → K + K − K S away from φK S is mostly CP even [54, 55] .
Since there are no b → uūs tree contributions in B → K S K S K S one would naively expect ∆S KSKS KS to be very small, and for the other ∆S KKK to be ∼ O(0.1). However, a calculation based on HMχPT, a model of form factors and a model of non-resonant amplitude behaviour gives all ∆S f ∼ 0.05 [56, 57] . More work is needed to confirm this observation.
Conclusions
The experimental values of ∆S f are found to be negative in all modes and are also consistently lower than the theoretical predictions. It is a bit more difficult to assign a statistical significance to this statement, however. It is clear that different decay modes have different "tree pollutions", with φK S and η ′ K S being the cleanest. Simply averaging the experimental values for ∆S f over different modes is not correct, since the "tree pollution" is not negligible compared to the experimental errors. To ascertain whether the experimental values of ∆S f represent a deviation from SM or not the use of theory therefore cannot be avoided.
The question is: how to take into account the theory? If all three approaches, QCDF, SCET and pQCD gave identical predictions, there would have been no problem. While this is not the case, the three approaches do give comparable predictions for different modes, with the difference attributable to different treatments of higher order corrections. None of the treatments thus seems to be clearly wrong either.
I would like to advertise two prescriptions that are both conservative and fairly intuitive. The first one is to take the theoretical framework in which the largest number of predictions has been made and only average over modes where there are theoretical predictions, while dropping the remaining experimental results (alas!). The largest set of predictions for different modes is at present available in QCDF [43] . Taking the lowest (∆S f ) Th value obtained in the scan over QCDF input parameters in [43] and then averaging the difference
by using only the experimental errors, gives (∆S f ) Corr = sin 2β Peng − sin 2β Tree = −0.133 ± 0.063 (> 2.1σ effect).
In the above average the 3−body modes and the f 0 K S mode were dropped since there are no predictions for the corresponding S f in QCDF. The error in Eq. (16) does not have a clear statistical meaning. Nevertheless, I believe the correct interpretation of the above result is that we have an effect that is larger than 0.133/0.063 = 2.1 σ.
The other conservative prescription is that for each (∆S f ) Corr one takes the smallest value predicted from the three theoretical approaches, QCDF, SCET and pQCD, and then averages over modes while adding quadratically theoretical and experimental errors. Curiously enough this gives at present almost exactly the same result as quoted for the first prescription in Eq. (16) above.
